Introduction
Silylenes are of importance because they are implicated in the thermal and photochemical breakdown mechanisms of silicon hydrides and organosilanes, as well as being key intermediates in CVD. Time resolved kinetic studies, carried out in recent years, have shown that the simplest silylene, SiH 2 , reacts rapidly and efficiently with many chemical species.
1,2 Examples of its reactions include Si-H bond insertions, C=C and CC -bond additions. 3 SiH 2 also has a great affinity for electronegative elements and will react with lone pair donor species containing the elements of N, O, F, P, S and Cl amongst others 4 . We, and others, have recently studied the kinetics of its reactions with "O-donor" molecules, H 2 O 5, 6 , CH 3 OH (CD 3 OD) 5 , , CO 12 , CO 2 13 and O 2 14 itself, and also with "Cl-donor" molecules, HCl 15 and CH 3 Cl 16 . We have also previously reported kinetic studies of the reactions of SiH 2 with the N-containing molecules N 2 O 17 , NO 18 and even N 2 19 (although no reaction was found in this case). None of these can be represented as typical reactions of a silylene with the nitrogen lone pair. We therefore set out to investigate the prototype reaction of SiH 2 with NH 3 . This reaction has the added importance in that it may be considered as a model for some of the likely reaction steps involved in producing solid materials such as Si 3 N 4 20 .
There is no previous experimental study of this reaction. At the outset of this work we were aware of the potential problem of substrate absorption at the UV photolysis wavelength (193nm) required for generation of SiH 2 from our precursor (silacyclopent-3-ene). NH 3 22, 23 . The expectation here is therefore of an association reaction, which should require third body assistance to stabilise the initially formed vibrationally excited adduct. This implies pressure dependent second order kinetics. We describe here the results of an attempted experimental kinetic study, together with further theoretical calculations aimed at refining the energy surface of this reaction.
Experimental Section
Equipment, Chemicals and Method. The apparatus and equipment for these studies have been described in detail previously 24, 25 . be noted that there is slightly higher scatter than is usually obtained in this kind of study [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Because the rate constants showed a dependence on laser pulse energy, two plots are shown, one for higher pulse energies (60 mJ) and one for lower values (ca 30 mJ). Similar plots (not shown)
were obtained for data recorded at 400 K. The second order rate constants derived from the gradients of these plots by least squares fitting, are shown in Table 1 The error limits are based on the spread of each individual rate constant.
In addition to these experiments, some runs were carried out at other total pressures in the range 1 to 100 Torr (SF 6 ) at the higher laser pulse energy. These were generally single point determinations. The results are shown in Table 2 . It was assumed that the uncertainties were 10%, ie slightly greater than the standard deviations of the second order plots. Examination of the values shows that these is no discernable pressure dependence of the rate constants above 10
Torr at any temperature. Below 10 Torr, there is a slight fall off in values.
The dependence of k obs on laser intensity was studied as a possible aid to unravelling the mechanism. In the practical range of study (25 to 120 mJ/pulse), the only detectable variation occurred between 30 and 60 mJ/pulse. These results are already shown in Table 1 . Above 60 mJ/pulse, values of k obs (not shown) were rather scattered although not detectably larger in magnitude.
Ab Initio Calculations. Possible species of the SiH 5 N family were explored in some detail at the G3 level of theory and are shown on the potential energy surface (PES) in Figure 3 .
A fairly straightforward surface and set of species has been found. This comprises three local minima (ie stable intermediates or products), apart from the reactants, SiH 2 + NH 3 , and three transition states. The lowest energy reaction pathway may be described as follows. Figure 4 and the enthalpy values are listed in Table 3 . Further calculations of the energies of these species with larger basis sets showed small changes in values (listed in Table 3) but do not give rise to any different mechanistic expectations.
Additionally we have explored briefly a few species on the SiH 4 N potential energy surface (G3 level only). ) is at least two orders of magnitude below the high pressure limiting value and the variation between 10 and 100 Torr is a factor of 3.6. In the SiH 2 + C 2 H 4 system, the rate constant at 10 Torr of SF 6 (1.58  10 -10 cm
) is a factor of 2.2 below the high pressure limiting value and the variation between 10 and 100 Torr is a factor of 1.8 (and a further factor of 2.3 between 1 and 10 Torr). The parameters of the SiH 2 + NH 3 system are closer to those of SiH 2 + H 2 O than SiH 2 + C 2 H 4 meaning that we would anticipate rate constants at least an order of magnitude below the high pressure limiting value and a variation with pressure of a factor of 2 to 3 between 10 and 100
Torr and larger than this between 1 and 10 torr. Although there is some uncertainty in these estimates, the observed pressure dependence at 299 K is almost nothing, ie nowhere near to this.
It therefore seems very unlikely that we are observing the reaction 
